Egypt faces a high population growth rate nowadays, which demands for an increase in agricultural production efficiency. Consequently, agricultural field residues will increase. Rice straw is one of the main agriculture residues in Egypt. So this study was performed on rice straw as a resource for production of bioethanol. Eight microbial isolates, five yeasts and three fungi were isolated from rice straw. Yeast isolates were selected for their ability to utilize different sugars and cellulose. Chipped and grinded rice straw was subjected to different pretreatment methods physically through steam treatment by autoclaving and different doses of gamma γ irradiation (50 and 70 Mrad). Autoclaved pretreated rice straw was further enzymatically treated throughout solid state fermentation process by different fungal isolates; F68, F94 and F98 producing maximum total reducing sugars of 12.62, 13.58, 17.00 g/L, respectively. Bioethanol production by separate microbial hydrolysis and fermentation (SHF) process of rice straw hydrolysate was performed by the two selected fungal isolates; Trichoderma viride F94 and Aspergillus terreus F98 and two yeast isolates (Y26 and Y39). The two yeast isolates have been identified by 18S, RNA as Candida tropicalis Y26 and Saccharomyces cerevisiae Y39. SHF processes by F94 and Y26 produced 45 gallon/ton rice straw while that of F98 and Y39 produced 50 gallon/ton rice straw.
fermentation process. The most promising fungal saccharification of rice straw hydrolysates was fermented by isolated yeast strains in a SHF process. Total bioethanol and sugar yields were evaluated to eventually predict the most satisfying SHF process.
Materials and Methods

Collection and Preparation of Rice Straw
Rice straw were collected from local market in Egypt, air-dried then chipped, grinded and sieved to size (0.5 -1 cm). Grinded materials were then stored in plastic bags at room temperature until analysis and treatment. Rice straw was initially analyzed for determination of hemi-cellulose, cellulose, and lignin contents.
Isolation and Purification of Different Microorganisms
According to Abo-State et al. [19] ten g of the grinded rice straw were added under aseptic conditions to 90 ml sterile saline (8.5 g/L NaCl) in 250 ml conical flasks. The flasks were shaken at 200 rpm for 60 min. After that, the suspensions were serially diluted 10 −1 and cultured on Wickersham's (WH) agar medium [20] and potato dextrose agar (PDA) medium [21] plates for fungi and yeast, respectively. Yeast plates were incubated at 30˚C for 48 h. While fungi plates were incubated at 28˚C for 7 d. The well grown colonies were picked, streaked on sterile suitable medium for purification. Pure separated single colonies were maintained on sterile slants at 4˚C for further investigation, and these slants were sub-cultured monthly. The selected isolates were preserved in micro-tubes containing 1:1 (v/v glycerol: pure isolate in appropriate medium) at −4˚C.
Screening for Microbial Utilization of Different Saccharides as Sole Carbon and Energy Sources
All the isolated bacteria and yeast strains were streaked on minimal medium [22] supplemented with 1% (W/V) of different saccharides; cellulose as model compound for polysaccharides; maltose, lactose, sucrose as model compounds for disaccharides; while glucose and xylose as model compounds for hexoses and pentoses monosaccharides, respectively.
Spore Suspension Preparation
According to Abo-State [23] , the fungal isolates were inoculated onto 100 ml PDA medium in 250 ml Erlenmeyer flasks. The inoculated media were incubated at 28˚C for 7 d, and then the spores were collected by adding 30 ml sterile saline containing 0.1% Tween-80. The spore suspension of each flask was collected in new sterile flask as stock for inoculation. The spore suspensions count was ≈4 × 10 7 .
Treatment of Rice Straw by Different Methods
Physical Pretreatment 1) Milling pretreatment
According to Abo-State [23] ten gram of chipped and grinded rice straw was put into 250 ml Erlenmeyer flask. It was then moistened with distilled water; the flasks were incubated for 2 h at room temperature. The solid material was then mixed vigorously with 100 ml distilled water for extraction of soluble reducing sugars, then filtered with cloth sheets to separate the content into liquid and solid parts. The liquid filtrate was centrifuged at 10,000 rpm for 10 min, and then, the content of total reducing sugars (TRS) was determined in clear supernatant by DNS method [24] .
2) Milling and autoclaving pretreatment Ten gram of chipped and grinded rice straw were put into 250 ml Erlenmeyer flask then moistened with distilled water; the flasks were steam treated by autoclaving at 121˚C and 1.5 bars for 20 min. Then extraction, filtration and determination of (TRS) were performed as previously mentioned.
3) Milling and Gamma γ irradiation pretreatment According to Abo-State [23] , the chipped and grinded rice straw was exposed to different doses (50 and 70 Mrad) of γ radiation (Indian cobalt-60 gamma cell at National Center for Radiation Research and Technology (NCRRT), Nasr City, Cairo, Egypt). Dose rate was 1 Mrad/120min at the time of experiment. Ten g of each ir-radiated rice straw were put into 250 ml Erlenmeyer flask, moistened with distilled water, incubated for 2 h at room temperature and then extraction, filtration and determination of TRS was performed as previously mentioned.
4) Milling, γ irradiation and autoclaving pretreatment
Ten gram from chipped and grinded rice straw which exposed to different doses of γ radiation were put into 250 ml Erlenmeyer flask and moistened with distilled water, then autoclaved at 121˚C and 1.5 bars for 20 min, after the autoclaving period the flasks content were extracted, filtrated and TRS were determined by DNS method as mentioned before.
Physical Pretreatment and Solid State Fermentation by Different Fungal Isolates
Ten gram from chipped, grinded and autoclaved pretreated rice straw was inoculated with 2.0 ml spore suspension from each pre-isolated fungal strains. The inoculated flasks were incubated statically at 30˚C for 7 d. After the incubation period the flasks were extracted and filtrated and then TRS were determined, as mentioned before. The monosaccharides concentrations for each hydrolysate were determined by HPLC. The percent saccharification was also calculated as described by Uma et al. [25] by the formula: Formed 0.9 100 Saccharification % Cellulose content of prtreated substrate
Bioethanol Production
The production medium was formulated according to Yu and Zhang [26] , where peptone
were added to the hydrolysate obtained from most promising fungal isolates through solid state fermentation process and then sterilized by autoclaving at 121˚C for 20 min. The medium was inoculated with 10% (V/V) with pre-selected yeast isolates. The inoculated cultures were incubated at 30˚C for 48 h at 150 rpm. After incubation, the fermented medium was centrifuged at 10,000 rpm for 10 min. The produced ethanol and residual TRS concentrations were determined. The ethanol yield was calculated by the modified formula proposed by Gunasekaran and Kamini [27] .
Produced ethanol 100 Ethanol yield % Utilized TRS
Identification of Selected Isolates
Identification of Fungi
Identification of the most promising selected fungal strains was performed according to Pitt and Hocking [28] at National Research Center, Dokki, Giza, Egypt, on the basis of cultural characters (colour, shape, surface and reverse pigmentation) as well as microscopical structure (septate or non septate hyphae, structure of hyphae and conidia).
Identification of Yeasts
However, the most potent selected yeast isolates were identified using 18S ribosomal RNA (rDNA) amplification and sequencing, which was determined by direct sequencing of PCR-amplified 18S rDNA. Genomic DNA isolation, amplification, and sequencing of the 18S rDNA gene, PCR purification and DNA sequencing were performed at Leaders Company, Cairo, Egypt. Blast program (http://www.ncbi.nlm.nih.gov/blast) was used to assay the DNA similarities.
1) DNA extraction
The yeast isolates were grown on Wickersham's agar plates at 28˚C for 24 to 48 hr. A single colony was then sub cultured overnight on broth medium and incubated at 28˚C with shaking at 200 rpm. DNA was extracted from this culture by an existing protocol [29] . The yeast nucleic acid precipitate was collected by pelleting in a microfuge, and the supernatant was decanted and discarded. The nucleic acid pellet was dried briefly under vacuum then re-suspended in 1 ml of sterile water. DNA concentrations were determined spectrophotometrically with a spectrophotometer (Lambda 1A; Perkin-Elmer). DNA purity was determined by A260/A280 ratio and 1.8 to 2.1 was considered acceptable.
2) RAPD-PCR
The two primers used in this study, forward primer NS6 (GCATCACAGACCTGTTATTGCCTC) and reveres primer NL4 (GGTCCGTGTTTCAAGACGG). Amplification reaction solutions were prepared in a final volume of 50 μl containing 10 mM Tris-HCl, pH 8.3; 1.5 mM MgCl 2 ; 50 mM KCl; and 100 mM each of dATP, dGTP, dCTP, and dTTP (Boehringer Mannheim), 2.5 M primer, 1.25 units of Taq DNA Polymerase (Boehringer Mannheim) and approximately 50 ng of DNA. The amplification was performed in an MJ Research programmable thermal cycler (PTC-100/60) where the program was as follows: universal denaturation cycle (5 min at 94˚C), 45 cycles of annealing/extension reactions (1 min at 94˚C, 1 min at an optimum annealing temperature 36˚C for each used universal primer and 2 min at 72˚C) and cycle of final extension step (5 min at 72˚C) was followed by soaking at 4˚C.
3) Horizontal Gel Electrophoresis RAPD-PCR-amplified products were separated by agarose gel electrophoresis using a horizontal submarine gel system (E-C Apparatus Corp., Holbrook, NY). Agarose (Gibco BRL Life Technologies) at a concentration of 2% (wt/vol) was used to separate RAPD products. Electrophoresis was conducted in 0.5 × TBE buffer (5.4 g of Tris base, 2.75 g of boric acid, and 2 ml of 0.5 M EDTA [pH 8.0] in 1 liter of distilled water) at 10 V/cm for various times, depending on the size of the gel unit; DNA size markers (Boehringer XII and XIV) were used as standards. DNA bands were stained with ethidium bromide (10 mg/ml) and then visualized and photographed under UV light using a Gel Doc.2000 Transilluminator (Bio-Rad).
4) Cluster analysis
Genetic relationships and divergence between RAPD patterns of the yeast isolates were calculated from the Pearson coefficient using Bio-Rad Molecular Analyst software [30] and are illustrated in a dendrogram constructed using the un weighted pair-group method with arithmetic averaging (UPGMA) and single linkage. The DNA sequence homology was analysed in GenBank by means of the BLAST program. Phylogenic analysis was by use of CLCbio programme and the dendograms drawn with UPGMA algorithm and bootstrap with 100 replicates.
Analytical Methods
Analysis of Chemical Composition of Rice Straw
Hemi-cellulose, cellulose, and lignin concentrations in rice straw samples before and after hydrolysis were determined in Agricultural Research Center, Giza, Egypt.
HPLC Analysis of Sugars
The mono-saccharides were determined and quantified before and after fermentation at National Research Center, Giza, Egypt, according to the method reported by Askar et al. [31] , by High Performance Liquid Chromatography (HPLC) equipped with 10A Shimadzu Shim-pack SCR-101N column (7.9 mm × 30 cm), using de-ionized water as the mobile phase (flow rate 0.5 mL/min at 40˚C) and refractive index detector. The injected volume was 20 μL. Sugar standards were used for quantification of different sugars (glucose, xylose, mannose, galactose, arabinose and rhamnose) in the samples.
GC Chromatographic Analysis of Bioethanol
Ethanol production was analyzed by gas chromatography (model 6890, Agilent), equipped with flam ionization detector and (60 m × 530 µm × 5.00 µm) nominal capillary column. Helium was the carrier gas, flow rate was 25 mL/min. Oven and detector temperature was 300˚C.
Determination of Total Reducing Sugar
Total reducing sugars ware determined by 3,5-dinitro salicylic acid DNS method [23] and glucose was used as standard. The samples were stored in a fridge at −18˚C until analysis to prevent spoilage by microbes and loss of ethanol.
Results and Discussion
Isolation of Different Microbial Isolates
Eight microbial isolates, five yeast (Y25, Y26, Y90, Y97 and Y98) and three fungi (F68, F94 and F98), were isolated from rice straw and differentiated according to their morphological and microscopically examination.
Screening for the Ability of Yeast Isolates to Utilize Different Saccharides
Yeast isolates showed different ability to utilize cellulose and different sugars as listed in Table 1 . Yeast isolates (Y26 and Y39) were selected for further study as they showed the highest efficiency for utilization of different saccharides as indicated in Table 1 .
Identification of Selected Yeast Isolates
DNA was isolated from the two selected yeast isolates (Y26 and Y39), then amplified using RAPD-PCR producing 18S rRNA gene it was 1800 bp in case of isolate Y26 and 1850 bp in case of isolate Y39, then separated using gell electrophoresis. The two genes gell bands were cutted and purified from agarose to be ready for sequencing step.
The DNA sequence homology was analyzed in Gen Bank by means of Blast program (http://www.ncbi.nlm.nih.gov/blast) for assay the DNA similarities.
The two yeast isolates Y26 and Y39 were identified as Candida tropicalis Y26 with similarity of 98% and Saccharomyces cerevisiae Y39, with similarity of 94% respectively.
Effect of Different Pretreatment on Total Reducing Sugar Yield
The Total reducing sugars (TRS) yields give estimation of how much of the sugars can be liberated during hydrolysis. It is actually the most important yield since it deals with all process steps from the raw rice straw to fermentable sugars. The applied physical pretreatments showed different effects on total reducing sugar (TRS) yield as indicated in Table 2 . The chipped and grinded rice straw (milling pretreatment) yielded the lowest concentration of TRS 1.44 g/L with saccharification of 3.72%, followed by the milling + autoclaving which form highest concentration of TRS 6.35 g/L with saccharification of 16.42%, The treatment of milling rice straw and γ irradiation at dose of 50 Mrad showed yield of TRS slightly higher than that of steam pretreatment, recording 6.62 g/L with saccharication of 17.12%. Increasing the dose of γ irradiation to 70 Mrad decreased the TRS yield to 5.03 g/L with saccharification of 13.01%. [23] .
According to Helal [32] , ionizing radiation as γ lowers the degree of the polymerization of cellulose and lignin and partially disrupts the ligno-cellulosic complex.
Although steam pretreatment by autoclaving used for sterilization has affected and resulted in an increase in TRS. With fungal treatment more increase in the yield of sugars were observed, where, the highest production of TRS was obtained by fungal treatments; F66, F94 or F98 producing 12.62, 13.58 and 17.00 g/L with % saccharification of 33.04%, 35.12% and 44.06%, respectively as indicated in Table 2 .
The filtrate (hydrolyzate) produced from solid state fermentation by F94 and F98 which have shown the highest TRS yield were used for further fermentation through SHF process. F94 and F98 were identified as Trichoderma viride F94 and Aspergillus terreus F98, respectively.
It is obvious from this study that, mechanical pretreatment by lowering the size of rice straw and physical steam treatment with autoclaving could change the structure of the lignocellulosic material or even simply affect the lignin hemi-cellulose and cellulose (LHC) complex and thus facilitate the growth of fungi with high cellulolytic activity as recorded by Abo-state [23] .
Thes results have been confirmed by the results of Helal [32] ; pretreatment before fungal hydrolysis increases the surface area of the cellulose by reducing particle size.
Chemical Composition of Rice Straw before and after Microbial Saccharification
According to Irfan et al. [33] , weight loss during treatment represents the degradation of ligno-cellulosic biomass. Table 3 showed hemi-cellulose, cellulose and lignin content in untreated rice straw was 31.22%, 34.80% and 10.18% (wt%), respectively, while the chemical composition of treated rice straw after saccharication by Trichoderma viride F94 was 19.22%, 25.20% and 7.52% (wt%), respectively and after hydrolysis by Aspergillus terreus F98 was 15.03%, 20.70% and 6.73% (wt%), respectively.
Microbial treatment with A. terreus F98 led to higher delignification of rice straw than that of T. viride F94 recording 34% and 26%, respectively as indicated in Table 3 .
A. terreus F-98 expressed higher celluolytic activities than that of T. viride F94 recording decrease in hemicellulose content by 52% and 38%, respectively, and recorded a decrease of 41% and 28%, respectively for cellulose content.
Abo-state et al. [23] [34] reported that Aspergillus terreus MAM-F23 produced the highest CMCase (309 U/ml) on rice straw and also produced avicellase and FPase more than T. veride.
The tow fungal isolates T. viride F94 and A. terreus F98 have the ability to degrade hemi-cellulose more than that of cellulose and lignin as indicated in Table 3 .
Production of Ethanol by Isolated Yeasts through SHF Process of the Obtained Hydrolysates
Evaluation of ethanol production is necessary to quantify the process final performance. In this study; the hydrolysates resulted from saccharification of rice straw by Trichoderma viride F94 and Aspergillus terreus F98 were used for fermentation by yeast isolates. The most potent strains in bioethanol production Y26 and Y39 have been chosen for further studies and identification. The most potent strains Y26 and Y39 were used to ferment the hydrolysate resulted from F94 and F98 to produce ethanol as indicated in Table 4 . The best ethanol yield was obtained from hydrolysate of Aspergillus terreus F98 after fermentation by S. cerevisiae Y39 recording 15.25 g/L followed by that obtained with SHF process using T. viride F94 and Candida tropicalis Y26 recording 12.86 g/L, with ethanol yield of 89.71% and 75.65%, respectively. The difference in performance among the yeast strains may be due to preferential utilization of pentose and hexose sugars prevailing in the hydrolysate. Also, it may be strain dependent. Srilekha Yadav et al. [35] reported batch fermentation of pretreated rice straw hydrolysate with 31 g/L TRS, ethanol of 12 g/L after 36 h incubation with a yield of 0.4 g/g and productivity of 0.33 g/L/h by co-culture of Saccharomyces cerevisiae and Pichia stipitis Kumar and puspha [36] reported fungal pretreatment of rice straw by fungal strains T. ressi and A. awamori in SmF at 5days of incubation at 30˚C produced TRS of 73.7 and 62.7 mg/g, respectively. Ethanol yield after the whole SmF process of 12 days by Zymomonas mobilis strain amounted to ≈8.7, 7.9 g/L, respectively. Similar observation were reported by Patel et al. [37] where grinding + autoclaving has resulted in release of sugars and with fugal treatment still increase in the release of sugars were observed because of the enzymatic hydrolysis of celluloses carried out by the enzymes from fungi. The yield of TRS produced after 5 d of solid state fermentation by Aspergillus awamori, Asperigillus niger, Trichoderma reesei and Trichoderma viride was ≈38, 43, 64 and 51 mg/g, respectively. Ethanol yield after the whole SHF process of 8 d. using S. cerevisiae recorded ≈4, 3, 4 and 6 g/L while for Candida shehatae recorded ≈4, 3, 3 and 5 g/L, respectively.
Zayed and Meyer [38] reported that; both T. viride and A. niger are able to liberate sugars from different kinds of cellulose waste materials.
Determination of the Reducing Sugars before and after Fermentation
The residual reducing sugars content decreased significantly after fermentation as shown in Table 5 . This indicates the ability of Candida tropicalis Y26 and Saccharomyces cerevisiae Y39 to utilize available reducing sugars.
Determination of Monosaccharides before and after Fermentation
The saccharification of rice straw with T. viride F94 afforded the following: glucose (6.99 g/L), xylose (3.10 g/L) Rhamnose (1.59 g/L) and arabinose (1.5 g/L). While the saccharification of rice straw with A. terreus F98 led to glucose (10.59 g/L), xylose (7.51 g/L), rhamnose (1.10 g/L) and arabinose (0.49 g/L) as indicated in Table 6 and Table 7 . In this study, not all kinds of sugars detected in hydrolysates were completely consumed. However, the yeast strains under study fermented both gluscose and xylose to ethanol. It was noticed that glucose, arabinose and rhamnose were completely consumed while Lower consumption of xylose (≈77%) was recorded in SHF by SHF using T. viride F94 and Candida tropicalis Y26 as shown in Table 6 . In case of SHF using Aspergillus terreus F98 and Saccharomyces cerevisiae Y39, only complete consumption was recorded for glucose and rhamnose, while xylose and arabinose recorded nearly the same consumption, ≈57% and 59%, respectively as indicated in Table 7 .
The conventional alcohol fermenting organism, Saccharomyces cerevisiae can ferment only hexose sugars to ethanol [39] [40] . Among xylose fermenting yeasts, Pachysolent annophilus [41] Pichia stipities [42] , Candida tropicalis [43] are promising for ethanol production.
It has been reported by Girio et al. [44] and [45] that evaluation of ethanol production is necessary to quantify the process final performance. At industrial level, only glucose is being fermented with high ethanol production yields while xylose fermentation, which is also essential for the economical success of lignocellulosic ethanol, continues being investigated to raise the low yields obtained so far.
Thus the ability of the locally isolated Candida tropicalis Y26 and Saccharomyces cerevisiae Y39 to ferment glucose and xylose in the obtained hydrolysates to ethanol is great advantage. Senthilgura et al. [46] reported that, cellulose hydrolysis yields glucose which can be readily fermented with many existing organisms. Hemi-cellulose hydrolysis produces both hexoses and pentoses (manose, galactose, xylose and arabinose) that are not all fermented with exiting strains.
Conclusion
Generally sacchaification step is carried out by commercially available cellulase enzymes which are very expensive. This preliminary study showed that ethanol production (second generation of bioethanol) from rice straw is possible by intact fungal organisms as source of cellulase enzymes through solid state fermentation using T. viride F94 and A. terreus F98. This was followed by hydrolysate fermentation by C. tropicalis Y26 and S. cerevisiae Y39 through separate hydrolysis and fermentation (SHF) process. The use of rice straw is cheap, renewable source of energy (fermentable sugars) to produceethanol via sustinable technology promise with great future. The ethanol yield in our study was 50 and 45 gallon/ton, respectively. This ethanol yield was 2.42 and 2.44 times lower than the theoretical yield (109.9 gallon/ton) as per National Renewable Energy Laboratory (NREL) calculation, which can be seen at (http://www1.eere.energy.gov/biomass/ethanol yield calculation.html). In this study, a significant removal of lignin from rice straw was achieved through eco-friendly process, which resulted in high production of ethanol. Further research is needed to optimize the condition for maximum production of ethanol from rice straw.
